Endophytic fungi represent an important source of novel bioactive natural products [1] and those associated with medicinal plants have recently attracted particular attention [2] . The First Nations people of the Canadian Maritime provinces have a rich ethnobotanical history [3] and plants that they used therapeutically are proving to harbor diverse assemblages of endophytes [4] . Bioassay and NMR metabolomic screening of our endophyte library indicated that an extract of Seimatosporium sp. (isolate TC2-029) exhibited significant antifungal and antimycobacterial activity and was spectroscopically distinct from the bulk of the endophyte extracts in our library. These findings, in conjunction with the recent isolation of new natural products (e.g. 1 and 2) from Seimatosporium spp.
[5], prompted the further investigation of TC2-029.
Isolate TC2-029 was obtained from surface sterilized leaves of Hypericum perforatum through an indirect isolation method [4] . H. perforatum, or St. John's wort, is an alien invasive species that was introduced to North America from Europe in the early eighteenth century [6] . It is now a common perennial in eastern Canada being found in grasslands, pastures, and meadows, and also in forested areas that have been damaged by road construction and fire [7] . Despite its relatively recent introduction, H. perforatum has found ethnobotanical application by the indigenous peoples of North America for a variety of medicinal purposes, including treatment of fevers, coughs, and dermatological and gastrointestinal ailments [3] .
The EtOAc extract of a small-scale (200 mL), two-week fermentation of TC2-029 was subjected to a modified Kupchan partition protocol. The hexane and CH 2 Cl 2 fractions, which comprised 5 and 57 % of the crude extract respectively, inhibited the growth of Candida albicans and Mycobacterium tuberculosis H37Ra. Examination of these fractions by NMR indicated that they contained a single compound (>99% pure by NMR) that was identified as (-)-avenaciolide (3) [8].
The antifungal activity of 3 [C. albicans; MIC: 6.25 μg/mL; IC 50 ( SD): 3.0 ± 0.14 μg/mL] is well known [8a] , but this is the first The compound was also evaluated for cytotoxic effects against the immortalized, non-cancerous human embryonic kidney cell line HEK293 and showed similar levels of biological activity (IC 50 of 5.6 ± 0.4 µg/mL) that therefore resulted in poor therapeutic indices for C. albicans and M. tuberculosis H37Ra (1.9 and 0.8 respectively).
Although avenaciolide is not suitable for TB drug development, the isolation of 3 from a medicinal plant endophyte provides further evidence that these fungi are an important source of bioactive natural products that should continue to be investigated for drug discovery.
Experimental
Fermentation and extraction: Eighty-one medicinal plant endophytes [4] were fermented in 2% malt extract broth at room temperature for 2 weeks with shaking under ambient light conditions (200 mL; 2 × 100 mL batches in 250 mL Erlenmeyer flasks). The fungal mycelia and spent broth were separated by vacuum filtration. The broth was extracted with EtOAc (3 × 50 mL). The organic fractions for each isolate were combined and concentrated in vacuo to give crude endophyte extracts. (spectrometer frequency: 399.945 MHz; spectral width: 5599.9 Hz; acquisition time: 3.7372 s; pulse width: 9.9 μs; 41856 total points zero-filled to 65536; number of transients per spectrum: 32). Spectra were individually zero-filled to 256 K points, binned in 0.04 ppm increments from 0.18-10.02 ppm and converted to ASCII format using MestReNova version 9.0.0 (Mestrelab Research). The data were then transposed from columns to rows and collated into a single data set before all negative data points were replaced by zeros, the bins corresponding to the presence of CD 3 OD (i.e. 3.26-3.34 ppm and 4.78-4.98 ppm) deleted and the data converted to CSV format using Microsoft Excel. The binned NMR data obtained for the endophyte library were then analyzed using MetaboAnalyst 2.0 [9] (data type: spectral bins; data format: samples in unpaired rows; data filtering: interquantile range; data normalization: row normalization by sum; data transformation: logarithmic; data scaling: none). Data were interpreted using 2D PCA plots to determine which extracts exhibited unique spectra.
NMR metabolomic analysis:
Biological assays: Antifungal activity against C. albicans, antimycobacterial activity against M. tuberculosis H37Ra and cytotoxicity against HEK 293 were evaluated as previously described [10] .
Bioassay guided fractionation:
The crude extract of isolate TC2-029 (21 mg) was dissolved in 9:1 MeOH: H 2 O (8 mL) and extracted with hexanes (3 x 4 mL). The aqueous fraction was then diluted with H 2 O (4 mL) and extracted with CH 2 Cl 2 (3 x 4 mL). The aqueous fraction was concentrated in vacuo and dissolved in H 2 O (8 mL), then extracted with EtOAc (3 x 4 mL) and 1-BuOH (3 x 4 mL). The five fractions were concentrated in vacuo. The hexane and CH 2 Cl 2 fractions (1 mg and 12 mg respectively) showed significant bioactivity and contained a single compound that appeared to be >99% pure by NMR. Further analysis of the active compound by NMR and MS allowed it to be identified as 3.
Avenaciolide
[α] D 22 : -32.05 (c 0.78, EtOH). IR (NaCl, thin film): 2955, 2928, 2856, 1785, 1665, 1466, 1298, 1209, 1107, 1064, 968 
